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1. INTRODUCTION 

During t h e  g a s i f i c a t i o n  of c o a l ,  b o t h  molten and s o l i d  s l a g s  are formed i n  t h e  
c o n v e r t e r ,  and t h e  h e a t  t r a n s f e r  wi th in  t h e  g a s i f i c a t i o n  chamber is governed 
t o  a l a r g e  e x t e n t  by t h e  thermal p r o p e r t i e s  o f  t h e  s l a g  phase. Thus i n  o r d e r  t o  
c a r r y  out  e i t h e r  h e a t  ba lance  or modelling c a l c u l a t i o n s  it is necessary  t o  have 
r e l i a b l e  da ta  for t h e  thermal  p r o p e r t i e s  of  bo th  s o l i d  and l i q u i d  c o a l  s l a g s .  
However, t h e  thermal t r a n s f e r  mechanisms i n  h igh  temperature processes  involv ing  
slags a r e  exceedingly  complex s i n c e  hea t  can be t r a n s p o r t e d  by convec t ion ,  r a d i -  
a t i o n  and thermal conduct ion .  The t o t a l  thermal c o n d u c t i v i t y  (kef f )  is, i n  t u r n ,  
made up from c o n t r i b u t i o n s  from ( i )  the  thermal ("phonon") c o n d u c t i v i t y ,  kc ,  ( i i)  
r a d i a t i o n  c o n d u c t i v i t y ,  kR and (iii) e l e c t r o n i c  c o n d u c t i v i t y ,  k e l .  Heat balance 
c a l c u l a t i o n s  must t a k e  account  o f  a l l  t h e s e  thermal t r a n s p o r t  mechanisms; con- 
sequent ly  it is necessary  t o  s t u d y  t h e  e f f e c t s  of t h e  v a r i o u s  mechanisms f o r  n o t  
on ly  do they  determine t h e  h e a t  t r a n s f e r  i n  t h e  g a s i f i e r ,  b u t  they  can a l s o  
c r i t i c a l l y  a f f e c t  t h e  exper imenta l  v a l u e s  der ived  for  t h e  thermal c o n d u c t i v i t y  o f  
t h e  s l a g .  Hence t h e  f a c t o r s  a f f e c t i n g  t h e  thermal c o n d u c t i v i t y  of  s l a g s  w i l l  be 
examined and t h e i r  e f f e c t  on t h e  var ious  methods a v a i l a b l e  f o r  t h e  measurement of  
thermal c o n d u c t i v i t i e s  w i l l  be assessed .  F i n a l l y ,  experimental  d a t a  f o r  t h e  
thermal c o n d u c t i v i t y  of  s l a g s ,  g l a s s e s  and magmas w i l l  be eva lua ted  t o  provide a 
r e l i a b l e  d a t a  base for t h e  thermal c o n d u c t i v i t y  of  s l a g s ,  and t o  determine t h e  
l i k e l y  e f f e c t s  o f  v a r i a t i o n s  i n  chemical composition upon va lues  f o r  c o a l  s l a g s .  

2. THERMAL CONDUCTION MECHANISMS 

2 . 1  Thermal "phonon" c o n d u c t i v i t y  ( k c )  

Heat is t r a n s f e r r e d  through a medium by phonons, which a r e  quanta of energy assoc- 
i a t e d  with each mode of v i b r a t i o n  i n  t h e  sample. This mode of conduction is thus  
r e f e r r e d  t o  as  thermal ,  phonon or l a t t i c e  conduction. S c a t t e r i n g  of t h e  phonons 
causes  a decrease  i n  t h e  thermal c o n d u c t i v i t y  and hence t h e  c o n d u c t i v i t y  is  sens- 
i t i v e  t o  t h e  s t r u c t u r e  of t h e  sample.  S c a t t e r i n g  of t h e  phonons can occur by 
c o l l i s i o n s  o f  t h e  phonons with one another ,  or by impact with g r a i n  boundaries or 
c r y s t a l  imperfec t ions ,  s u c h  a s  p o r e s .  Thus a low-density,  highly-porous m a t e r i a l  
w i l l  have a low thermal c o n d u c t i v i t y .  I n  g l a s s y ,  n o n - c r y s t a l l i n e  m a t e r i a l s . i t  has  
been suggested (1) t h a t  thermal c o n d u c t i v i t y  decreases  as t h e  d i s o r d e r i n g  of t h e  
s i l i c a t e  network i n c r e a s e s .  

2 .2  Radia t ion  c o n d u c t i v i t y  (kR) 

Measurements OF t h e  thermal conduct iv i ty  of  g l a s s e s  .were found t o  be dependent upon 
t h e  th ickness  of t h e  specimens used ,  and t h i s  is shown i n  F igure  1. This behaviour 
was ascr ibed  t o  t h e  c o n t r i b u t i o n  from r a d i a t i o n  c o n d u c t i v i t y ,  kR,  which can occur 
i n  semi- t ransparent  media l i k e  s l a g s  and g l a s s e s .  
by a mechanism involv ing  absorp t ion  and emi t tance  o f  r a d i a n t  energy by var ious  
s e c t i o n s  through t h e  medium. Consider a t h i n  s e c t i o n  i n  t h e  s l a g ,  r a d i a n t  energy 
absorbed by t h e  s e c t i o n  w i l l  cause  it t o  i n c r e a s e  i n  temperature and consequently 
r a d i a n t  h e a t  w i l l  b e  e m i t t e d  t o  c o o l e r  s e c t i o n s .  
through the  medium and it i s  obvious t h a t  t h e  energy t r a n s f e r r e d  i n  t h i s  way w i l l  
i n c r e a s e  with i n c r e a s i n g  number of s e c t i o n s  ( i e  i n c r e a s i n g  t h i c k n e s s )  u n t i l  t h e  
P o i n t  where kR a t t a i n s  a c o n s t a n t  value.  
" o p t i c a l l y  t h i c k " ,  and t h i s  i s  u s u a l l y  cons idered  t o  occur wheno(d23.5 ,  where o( 
and d a r e  t h e  a b s o r p t i o n  c o e f f i c i e n t  and t h i c k n e s s  of t h e  s l a g ,  r e s p e c t i v e l y .  

Radia t ion  c o n d u c t i v i t y  occurs 

This  process  can occur  r i g h t  

A t  t h i s  p o i n t  t h e  s l a g  is s a i d  t o  be 
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At high temperatures,radiation conductivity can be the predominant mode of con- 
duction, eg in glassmaking more than 90% of the total conductivity occurs by 
radiation conduction. 
optically-thick sample if steady-state conditions apply and if it is assumed that 
the absorption coefficient of the medium,&, is independent of wavelength, h, ie 
grey-body conditions obtain. For these conditions kR can be calculated by use of 
equation l), whereto' and n are the Stefan-Boltzmann constant and refractive index, 
respectively. 

The radiation conductivity can be calculated for an 

kR = 16@n2 T3 
3a . 

1) 

Values of kR cannot be calculated for optically-thin samples (Cld(3.5) and for some 
measurement techniques involving non-steady state conditions. Thus it is obvious 
that reliable values of thermal conductivity can only be obtained when either kR 
is negligible, or where it can be calculated reliably for optically-thick conditions. 

Absorption coefficient ( a ( )  

The absorption coefficient is a very important parameter, as it determines (i) the 
magnitude of kR (eqiiation 1) and (ii) the thickness at which a slag becomes 
optically thick (e 23.5). Hence increasing* has the effect of decreasing kR and 
decreasing the dept at which a slag becomes optically thick. 
sample were optically thin, these two factors would operate in opposition to one 
another. 

The absorption coefficient is markedly dependent upon the amounts of FeO and M n O  
present in the slag (2); although Fe203 absorbs infra-red radiation, its effect on 
(xis much less pronounced than that of FeO. An empirical rule has been derived(2) 
for glasses containing less than 5% FeO, the absorption coefficient at room temp- 
erature is given by the relationship,a= 11. ( %  FeO). 

A basic assumption adopted in deriving equation 1) was thatd was independent of 
wavelength; however, in practice the spectral absorption coefficient (a,) varies 
with the wavelength (X, as shown in Figure 2 for a glass containing ca. 5% FeO(3). 
It can be seen from this figure that there is strong absorption by FeO at ca. l p m  
and by Si02 at ca. 4.4pm. At high temperatures this restricts absorption by the 
slag to a "window", in the wavelength range 1-4.4pm. 
wavelength band there is some variation in& 
pCm, is determined by weighting of thed valbes. 

The average absorption coefficient,#,, can be affected by temperature in two differ- 
ent ways. Firstly,the absorption spectrum,ie. ( O C  ) ,  can change markedly with temper- 
ature and consequently alter the value of%,. 
spectrum is unaffected by ternperature,d, would continue to be a function of temper- 
ature because the wavelength distribution used in deriving#, is itself a function 
of temperature. This can be seen in Figure 3 where the fraction of total energy 
emitted in the "window" 1-4.4p constitutes 61.1%, 79.5% and 81.9% of the total 
energy emitted at 1073K, 1573K and 1773K, respectively. In a similar manner, the 
various o( values of the spectrum will have to be weighted differently in the cal- 
culation holm for the three temperatures in question. 
It can be seen from Figure 2 thatu. increases with increasing temperature, and 
similar behaviour has been observed in rocks and minerals (4,586). By contrast, 
the absorption coefficients (a,) of amber glass have been found to decrease with 
increasing temperature. 

If a particular slag 

However, even within this 
and the average absorption coefficient, x 

a. 

A Secondly, even if the absorption 

Extinction coefficient (E) 

In solids, radiant energy can be scattered by grain boundaries, pores and cracks 
in the material. 
(E) which is given by the relationship E =a + s, where s is the scattering co- 
efficient. 

In these cases, it is necessary to use the extinction coefficient 
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2.3 E l e c t r o n i c  c o n d u c t i v i t y  ( k e l l  

It h a s  been r e p o r t e d  t h a t  g l a s s e s  which c o n t a i n  s i g n i f i c a n t  concent ra t ions  of  Fez+ 
ions  behave i n  a similar manner t o  semi-conductors and hence thermal conduction v i a  
conduction e l e c t r o n s ,  h o l e s ,  e tc .  could be s i g n i f i c a n t ,  accord ing  t o  F i r ~ e e t ( ~ ) .  
L i t t l e  is  known of t h i s  mechanism i n  r e l a t i o n  t o  t h e  h e a t  t r a n s f e r  i n  s l a g s  and 
consequently t h e  c o n t r i b u t i o n  of  ke l  to t h e  measured thermal c o n d u c t i v i t i e s  has  been 
ignored i n  t h i s  review. 

2.4 Tota l  thermal c o n d u c t i v i t y  ( k e r f )  

I n  p r a c t i c e ,  t h e  r a d i a t i o n  and conduction c o n t r i b u t i o n s  t o  t h e  h e a t  f l u x  (Q) a r e  
i n t e r a c t i v e ,  and t h e  i n t e r p r e t a t i o n  of t h e  combined conduct ive- rad ia t ive  h e a t  t rans-  
f e r  i s  exceedingly complex. Various models have t h e r e f o r e  been proposed t o  s impl i fy  
t h e  theory of  t h e  h e a t  t r a n s f e r  process .  One widely-used model is t h e  d i f f u s i o n  
approximation which assumes t h a t  t h e  h e a t  f l u x  (9) is g iven  by equat ion  Z), where 
keff is t h e  e f f e c t i v e  thermal c o n d u c t i v i t y  and is def ined  by equat ion  3),where x i s  t h e  
d i s t a n c e .  
( i )  kR is  smal l  and ( i i ) d d ) 8 .  

Gardon (8) has  poin ted  o u t  t h a t  t h i s  model on ly  a p p l i e s  s t r i c t l y  when 

3. EXPERIMENTAL METHODS FOR DETERMINING THERMAL CONDUCTIVITY 

The experimental  methods a v a i l a b l e  f o r  measuring thermal c o n d u c t i v i t i e s  a r e  sum- 
marised below; more d e t d e d  reviews of t h e  experimental  t echniques  a r e  a v a i l a b l e  
elsewhere (3,9!10?11). 
s teady-s ta te  methods, ( ii) non-steady s t a t e  methods, and (iii) i n d i r e c t  methods 
for t h e  de te rmina t ion  of kR. 
and t h e  non-steady s t a t e  techniques  u s u a l l y  produce thermal d i f f u s i v i t y  ( a e f f )  
va lueqwhich  can  be converted t o  thermal c o n d u c t i v i t y  v a l u e s  by use  of equat ion  4 1 ,  
where e and Cp a r e  t h e  d e n s i t y  and hea t  c a p a c i t y  of t h e  slag. 

The techniques can  be d iv ided  i n t o  t h r e e  c l a s s e s :  ( i )  

The s t e a d y - s t a t e  methods u s u a l l y  y i e l d  keff Values 

k = a .  C p . e  4 )  

3.1 Steady-s ta te  methods 

These methods a l l  y i e l d  keff v a l u e s  provided t h a t  t h e  specimen is o p t i c a l l y  t h i c k .  

I n  t h e  l i n e a r  heat-flow method two disc-shaped specimens a r e  p laced  on e i t h e r  s i d e  
of a n  e l e c t r i c a l l y - h e a t e d  p l a t e  and t h e  tempera ture  p r o f i l e s  a c r o s s  t h e  samples 
a r e  monitored by thermocouples s i t e d  on both  f a c e s  of t h e  specimens. The appara tus  
i s  w e l l  i n s u l a t e d  t o  minimise h e a t  l o s s e s .  
t o t a l  h e a t  f l u x e s  pass ing  through t h e  samples a r e  determined by c a l o r i m e t e r s  i n  
c o n t a c t  with t h e  specimens. When high-temperature measurements are r e q u i r e d ,  t h i s  
technique is u s u a l l y  opera ted  as a comparative method ( 1 2 ) .  

I n  t h e  r a d i a l  heat-flow method t h e  specimen is i n  t h e  shape of  a hollow c y l i n d e r ,  
which is s i t e d  i n  t h e  annulus  between two c o a x i a l  c y l i n d e r s  wi th  t h e  i n t e r n a l  
c y l i n d e r  a c t i n g  as a r a d i a l  hea t  source (13). The temperature p r o f i l e  a c r o s s  t h e  
specimen is  determined by thermocouples p laced  on t h e  i n s i d e  walls of  t h e  two 
c y l i n d e r s .  This method r e q u i r e s  a l a r g e  i so thermal  zone i n  t h e  furnace ,  which is 
d i f f i c u l t  t o  achieve  a t  h i g h  temperatures.  When t h i s  technique is used f o r  measure- 
ments on l i q u i d s  it i s  prone  t o  e r r o r s  from convect ive  h e a t  t r a n s f e r .  

I n  some v e r s i o n s  of t h i s  method, t h e  

3.2 Non-steady s ta te  methods 

I n  t h e  r a d i a l  wave method t h e  s l a g  i s  p laced  i n  a c y l i n d r i c a l  c r u c i b l e  s i t e d  i n  
t h e  i so thermal  zone of  a furnace ,  and thermocouples a r e  l o c a t e d  on t h e  w a l l s  and 
along t h e  geometric a x i s  of t h e  c r u c i b l e  ( t h e  s l a g ) .  The o u t s i d e  wal l  o f  t h e  
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of t h e  Crucible is  t h e n  s u b j e c t e d  t o  a s i n u s o i d a l  v a r i a t i o n  of  tempera ture  and t h e  
v a r i a t i o n  i n  temperature of t h e  c e n t r a l  thermocouple is monitored. 
s h i f t  between t h e  i n p u t  and output  which is r e l a t e d  t o  t h e  thermal d i f f u s i v i t y  of  
t h e  S lag .  
t h e  p e r i o d i c  v a r i a t i o n  i n  temperature is produced i n  a wire running a long  t h e  c e n t r a l  
a x i s  Of the  c y l i n d r i c a l  c r u c i b l e ,  and t h e  phase s h i f t  is measured i n  t h e  s i g n a l  of 
t h e  thermocouples s i t e d  on t h e  w a l l s  of t h e  c r u c i b l e .  The thermal d i f f u s i v i t y  va lues  
obtained with t h i s  method may be vulnerable  t o  e r r o r s  a r i s i n g  from convect ive  h e a t  
t r a n s f e r .  

In  t h e  modulated beam method t h e  specimen is i n t h e  form of a d i s c ,  which i s  rnain- 
t a i n e d  a t a c o n s t a n t  tempera ture ,  w h i l s t  t h e  f r o n t  face  of t h e  d i s c  is s u b j e c t e d  t o  
a l a s e r  beam which produces a p e r i o d i c  v a r i a t i o n  i n  temperature of c o n s t a n t  
frequency. The phase s h i f t  between t h i s  i n p u t  a n d t h e s i g ' n a l  from a tempera ture  
Sensor i n  c o n t a c t  wi th  t h e  back f a c e  is determined. By c a r r y i n g  o u t  measurements 
a t  two or more f requencies ,  Schatz and ~ immons(6)  were a b l e  t o  d e r i v e  va lues  of  
both aeff and t h e  e x t i n c t i o n  c o e f f i c i e n t .  
ments i n  l i q u i d s ,  it t o o  would be prone t o  e r r o r s  caused by convec t ion .  

The l a s e r  p u l s e  
specimen coated with m e t a l l i c  films on both p lanar  sur faces .  A l a s e r  p u l s e  i s  
d i r e c t e d  on t o  t h e  f r o n t  f a c e  of t h e  specimen and t h e  temperature o f  t h e  back face 
is  monitored cont inuous ly .  The maximum temperature r i s e  of t h e  back f a c e  (ATmax) 
u s u a l l y  occurs a f t e r  ca .  10 seconds,  and aeff may be computed from t h e  time taken  
( t 0 . 5 )  f o r  t h e  back f a c e  t o  a t t a i n  a temperature r i s e  of (0.5 ATmax). The method 
has  a l s o  been a p p l i e d  t o  measurements on l i q u i d  slags(15*17) which were conta ined  
i n  A1203 or BN c r u c i b l e s .  The major advantage of t h i s  technique is t h a t  t h e  s h o r t  
d u r a t i o n  of t h e  experiment minimises t h e  e r r o r s  due t o  convection. The major d i s -  
advantage is t h a t  t h e  maximum specimen th ickness  is about  4 mm. and consequent ly  
o p t i c a l l y - t h i c k  condi t ions  only  apply when t h e  e x t i n c t i o n  c o e f f i c i e n t  i s  g r e a t e r  
than  9 cm-l. A second disadvantage is t h a t  t h e  l a s e r  pu lse  method is a t r a n s i e n t  
technique and kR cannot be c a l c u l a t e d  by equat ion  l), which is a p p l i c a b l e  to  s teady-  
s ta te  condi t ions ;  a t  t h e  p r e s e n t  t ime no formulae e x i s t  f o r  t h e  c a l c u l a t i o n  of kR 
f o r  t h i s  method. Thus t h i s  technique is most u s e f u l  when appl ied  t o  specimens 
which have ( i )  very small v a l u e s  o f a d  ( i e  &d<(3.5) where a e f f v  a,, or ( i i )  l a r g e  
e x t i n c t i o n  c o e f f i c i e n t s  where kR is n e g l i g i b l e  and thus  aeff = a,. 

The l i n e  source  method is a l s o  a t r a n s i e n t  technique and is t h e  s tandard  method f o r  
measuring t h e  thermal c o n d u c t i v i t i e s  of l i q u i d s  a t  lower temperatures.  I n  t h e  
high-temperature vers ions ,  t h i s  method c o n s i s t s  of a f i n e  P t  wire ( c a .  0 . 1  mm d i a )  
which is s i t e d  c e n t r a l l y  i n  a c r u c i b l e  o f  molten s l a g .  This wire a c t s  a s  bo th  
h e a t i n g  element and temperature s e n s o r .  When an AC or DC c u r r e n t  is a p p l i e d  t o  
t h e  wire ,  t h e  temperature r i s e  of  t h e  wire (AT) is monitored cont inuous ly  d u r i n g  
t h e  hea t ing  per iod  (ca.  1 second) .  A l i n e a r  r e l a t i o n s h i p  e x i s t s  between AT and 
I n  ( t i m e ) ,  t h e  s l o p e  of  which i s  p r o p o r t i o n a l  t o  ( l / k ) .  This method has  t h e  
advantage t h a t  convec t iona l  h e a t  t r a n s f e r  is e l imina ted  ( i f  convection does occur 
it r e s u l t s  i n  a non-linear AT-ln ( t i m e )  p l o t  and can therefore  be r e a d i l y  d e t e c t e d ) .  
Routines a r e  a v a i l a b l e  f o r  c a l c u l a t i n g  t h e  va lue  of  kR f o r  o p t i c a l l y - t h i c k  con- 
d i t i o n s ( l 8 ) ;  however, de C a s t r o  e t  a l .  (19) have r e c e n t l y  proposed t h a t  kR is neg- 
l i g i b l e  i n  t h e  v a l u e s  of keff measured by t h i s  technique a t  ambient tempera tures  
( i e  kR Y 0, keff = kc) .  
measurements made wi th  t h i s  technique a t  h igher  temperatures< .20 ,21 ,22)  y i e l d  
much lower va lues  of keff f o r  s l a g s  than  those  obta ined  by s t e a d y - s t a t e  techniques .  
Furthermore, Powell and M i l l s ( 2 3 )  have poin ted  o u t  t h a t  t h e  thermal c o n d u c t i v i t y  
d a t a  f o r  molten sa l t s  become more c o n s i s t e n t  if kR is taken t o  be z e r o  i n  t h e  
var ious  l ine-source  de te rmina t ions ,  

There is a phase  

I n  t h e  modi f ica t ion  of t h i s  appara tus  used by E l l i o t t  and c o - ~ o r k e r s ( ~ ~ ~ ~ )  

If t h i s  method were a p p l i e d  t o  measure- 

when a p p l i e d  t o  s o l i d s  u s e s  a disc-shaped s l a g  

There is evidence t o  suppor t  t h e  view t h a t  k R 2  0, as 

3 . 3  I n d i r e c t  measurements o f  kR 

The absorp t ion  ( o r  e x t i n c t i o n )  c o e f f i c i e n t  can  be determined by measurement o f  t h e  
o p t i c a l  t r a n s m i s s i v i t y  (5  
c o e f f i c i e n t  

of t h e  s l a g  as a func t ion  of wavelength; t h e  absorp t ion  
( D I )  is  g iven  by equat ion  5 ) ,  where d is t h e  th ickness  o f  t h e  specimen. 
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Measurements a t  high t empera tu res  a r e  c a r r i e d  out  by us ing  

an assembly of mi r ro r s  t o  d i r e c t  a beam of r a d i a t i o n  of known frequency on t o  a 
disc-shaped specimen s i t e d  i n  a tube furnace.  The t r ansmi t t ed  beam is d i v e r t e d  
i n t o  an  i n f r a r e d  spectrophotometek where t h e  t r a n s m i s s i v i t y  is determined. 
Blazek and Endrys (3 )  have r epor t ed  t h a t  kR va lues  f o r  g l a s s e s  c a l c u l a t e d  from 
abso rp t ion  c o e f f i c i e n t  d a t a  a r e  i n  good agreement with values  of (keff - kc)  
determined expe r imen ta l ly .  

3 .4  Summary of experimental  l i m i t a t i o n s  

( i )  I t  is important  t o  ensure t h a t  t h e  thermal conduc t iv i ty  measurements on semi- 
t r anspa ren t  media should be c a r r i e d  o u t  with o p t i c a l l y - t h i c k  specimens, a s  
kR cannot  be c a l c u l a t e d  f o r  o p t i c a l l y - t h i n  cond i t ions .  
t h a t  abso rp t ion  c o e f f i c i e n t  measurements should a l s o  be c a r r i e d  o u t  t o  de t e r -  
mine the  s l a g  t h i c k n e s s  r equ i r ed  t o  produce an op t i ca l ly - th i ck  specimen. 

I t  is recommended 

(ii) The non- t r ans i en t  techniques a r e  prone t o  e r r o r s  due t o  convec t iona l  hea t  
t r a n s f e r .  

( i i i ) A t  t h e  p r e s e n t  t i m e  no r e l i a b l e  r o u t i n e s  a r e  a v a i l a b l e  f o r  c a l c u l a t i n g  t h e  
kR c o n t r i b u t i o n  t o  t h e  o v e r a l l  thermal conduc t iv i ty  measured i n  t r a n s i e n t  
techniques;  t h e r e  is some evidence t o  sugges t  t h a t  kR is n e g l i g i b l e  i n  
measurements ob ta ined  by t h e  l i n e  source method. 

4. REVIEW OF THE EXTANT DATA FOR SLAGS 

There i s  a pauc i ty  o f  d a t a  f o r  coa l  s l a g s ;  it i s  the re fo re  necessary t o  s tudy  a 
much broader range of s l a g s  i n  o rde r  t o  determine t h e  e f f e c t s  of composi t ional  
change on the  thermal c o n d u c t i v i t y  o f  t h e  s l a g .  One problem c o n t i n u a l l y  encount- 
e r ed  is t h a t  t h e  d i s t r i b u t i o n  of Fe i n  s l a g s  between (Fe3+) ,  (Fez+) and f r e e  i r o n  
is no t  repor ted ,  and t h i s  can have a marked e f f e c t  on t h e  abso rp t ion  c o e f f i c i e n t  
and consequently kR. Furthermore,  the  r a t i o  of ( ( F e 2 + ) / ( F e 3 + ) )  is known t o  vary 
wi th  ( i )  temperature ,  (ii) ~ ( 0 2 )  and (iii) t h e  composition of the  s l a g ,  (Fez+)  
i n c r e a s i n g  with i n c r e a s i n g  Si02 and Ti02, and dec reas ing  CaO and Na2O. 

4.1 CaO + SiO? + FeOx 

F ine  et(7) determined t h e  abso rp t ion  s p e c t r a  a t  room temperature  of t h r e e  s l a g s  
con ta in ing  0, 7 and 14% FeO (Figure  4) .  
con ta in ing  7 and 14% FeO w i l l  probably i n c r e a s e  with i n c r e a s i n g  temperature  a s  t h e  
(Fe2+/Fe3+) r a t i o  i n c r e a s e s  wi th  i n c r e a s i n g  temperature .  
i nc reas ing  temperature  c a n  a l s o  be seen i n  Figure 2. 
wave method t o  determine aeff of s o l i d  and l i q u i d  s l a g s  con ta in ing  0 t o  25% FeO; 
t h e i r  r e s u l t s  a r e  summarised i n  equa t ion  6 ) ,  where B r e p r e s e n t s  t h e  b a s i c i t y ,  i e  
(CaO/SiO,) r a t i o  and T L s  the  temperature  i n  ( " C ) .  

The abso rp t ion  c o e f f i c i e n t s  of t h e  s l a g s  

An i n c r e a s e  i n  o( w i t h  
Fine - ( 7 )  used t h e  r a d i a l  

6 )  
-6 (T/1500 ) 3  m2s-1 

aeff = (1.5 - 0 . 5  E) + 1.8 x 10 - 
( w e 0  

Th i s  equat ion i n d i c a t e s  t h a t  i n c r e a s i n g  the  FeO con ten t  r e s u l t s  i n  a r educ t ion  of 
a e f f ;  t h i s  behaviour is due presumably t o  t h e  i n c r e a s e  inoC and hence t h e  con-. 
sequent  decrease i n  kR w i t h  inc reas ing  FeO content .  However, Nauman e t l ( 2 4 )  
u s ing  t h e  same experimental  technique a s  Fine 9 ( 7 )  obtained t h e  keff - ( %  FeO) 
r e l a t i o n s h i p  shown i n  F i g u r e  5 f o r  molten s l a g s  with high FeO contents .  The 
d e n s i t y  of s l a g s  a r e  known t o  inc rease  with inc reas ing  (FeOx, MnO) con ten t  
k ( =  a.Cp.e) would be expected t o  i n c r e a s e  a s  t h e  l e v e l  o f  FeO i n c r e a s e s ( 2 5 J .  
However, c a l c u l a t i o n s  have shown t h a t  t h i s  i n c r e a s e  i n  k would be c a .  30%. and 
t h i s  alone would n o t  account  f o r  t h e  i n c r e a s e  i n  k shown i n  Figure 5. Thus it 
must be concluded t h a t  FeO a d d i t i o n s  do i n c r e a s e  t h e  thermal  d i f f u s i v i t y  of t h e  

t h u s  
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system. In t h e s e  s l a g s  wi th  h igh  FeO c o n t e n t ,  t h e  absorp t ion  c o e f f i c i e n t  must be 
very h igh  and thus  kR must be n e g l i g i b l e  and keff = kc. 

4.2 CaO + A1703 + Si02  

Measurements on s o l i d  s l a g s  have been r e p o r t e d  by Kingery(12) (comparative l i n e a r  
heat-flow method),  Osinovskikh(25) and Susa e t  a l ( z l ) ( l i n e  source  method),  and for 
t h e  l i q u i d  phase by Susa e ( z 1 )  and Oginoetm(13)(radial heat-flow 
r e s u l t s  a r e  summarised i n  F igure  6. The d a t a  recorded  by Osinovskikh("j appear 
t o  be too  low, b u t  t h e r e  is some measure of agreement between t h e  d a t a  obta ined  
f o r  t h e  l i q u i d  n e a r  t h e  l i q u i d u s  temperature ( T l i q ) .  However, t h e  repor ted ,  
thermal conduct iv i ty  va lues  d iverge  a s  t h e  temperature i n c r e a s e s ,  and t h i s  i s  
poss ib ly  due t o  t h e  n e g l i g i b l e  c o n t r i b u t i o n  of kR i n  t h e  l i n e  source  measure- 
ments(z0) and t h e  e f f e c t s  of kR and convec t ive  h e a t  t r a n s f e r  on t h e  v a l u e  due t o  
Ogino( l3) .  
ab ly  h igher  t h a n  t h a t  f o r  t h e  s l a g s  of t h e  t e r n a r y  system. 

t h e  

The va lue  due t o  Kingery( l2)  f o r  t h e  compound 3A1203.Si02 is apprec i -  

4 . 3  MgO + A1701 + Si02  

Values f o r  t h e  v a r i o u s  b inary  compounds o c c u r r i n g  i n  t h i s  system have been r e p o r t e d  
by Rudkin(26) and by K i n g e r y ( l 2 )  (comparative l i n e a r  heat-flow method), and by 
Schatz and.Simmons(6) (modulated beam method) for t empera tures  up t o  1300 'C; 
t h e r e  is e x c e l l e n t  agreement between t h e  v a l u e s  due t o  the  l a t t e r  two groups of 
workers. 
i n c r e a s e s  from 5 cm-I a t  270 "C t o  25 cm-l a t  1300 O C .  

Schatz  and Simmons(6) r e p o r t e d  t h a t  e x t i n c t i o n  c o e f f i c i e n t  o f  2MgO.SiO2 

4.4 Nap0 + Si02  

Susa Z t A ( 2 1 )  ( l i n e  source  method) r e p o r t e d  thermal c o n d u c t i v i t y  d a t a  f o r  s o l i d  
arid l i q u i d  s l a g s  for t h r e e  compositons; t h e  s i n g l e  v a l u e  obta ined  by Ogino et(13) 
(radial .  heat-flow method) is in reasonable  agreement wi th  t h e s e  da ta .  

4 .5  Glasses 

Blazek and en dry^(^) have reviewed t h e  thermal conduct iv i ty  d a t a  f o r  g l a s s e s .  
l a t t i c e  thermal c o n d u c t i v i t y ,  kc, f o r  g l a s s e s  is r e l a t i v e l y  u n a f f e c t e d  by com- 
p o - i t i o n  and w a s  found t o  i n c r e a s e  wi th  tempera ture  from 1Wm-1K-1 a t  25 O C  t o  
2.7 Wm-1K-1 a t  1300 "C. 
doininant mode of h e a t  conduction i n  g l a s s e s  a t  high temperatures.  

The 

However, t h e  r a d i a t i o n  conduction is f r e q u e n t l y  t h e  

4.6 X z - b a s e d  s l a g s  

Ext inc t ion  c o e f f i c i e n t s  have been r e p o r t e d  (1.3 cm-I f o r  1000-1300 " C )  by Keene 
and M i l l s ( 2 7 ) ,  and absorp t ion  c o e f f i c i e n t s  (1.3 cm-l) for t h e  l i q u i d  s t a t e  by 
Mi tche l l  and Wadier(22).  

The thermal c o n d u c t i v i t y  v a l u e s  f o r  p o l y c r y s t a l l i n e  ( o p t i c a l l y - t h i c k )  CaF2 
obta ined  by Kingery( l2)  (comparative l i n e a r  flow method) and by Taylor and 
M i l l s ( l 6 )  a r e  i n  reasonable  agreement (F igure  7) .  
a b l e  discrepancy between t h e  v a l u e s  of k obta ined  by t h e  l i n e  source  method(20-22) 
and t h e  s i n g l e  va lue  due t o  Ogino 

The reason f o r  t h e  d iscrepancy  probably l i e s  i n  t h e  magnitude of t h e  kR v a l u e s  meas- 
uqed i n  t h e  two experiments,  as kR is probably n e g l i g i b l e  f o r  t h e  l i n e  source  
technique, i n  c o n t r a s t  t o  t h e  s teady-s ta te  method where kR would be a p p r e c i a b l e  
d e s p i t e  t h e  f a c t  t h a t  t h e  sample was probably o p t i c a l l y  t h i n  ( a d U 0 . 8 ) .  

However, t h e r e  is an  apprec i -  

( r a d i a l  h e a t  s o u r c e  method). 

4.7 X z - b a s e d  s l a g s  

m2s-1 have been r e p o r t e d  by Values of thermal d i f f u s i v i t y ,  aef f ,  of ca.  
Raflovich and Denisova(") f o r  s l a g s  based on Ti02 0 4 5 % )  and Si02  w i t h  small 
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amounts of A1203 and Fe203. 
wi th  l e s s  than 15% Ti02 a r e  much lower, t h i s  
of t h e  sample used. 

The d a t a  r e p o r t e d  by Osinoskikh et(25) f o r  slags 
is probably due t o  t h e  h igh  p o r o s i t y  

4.8 Continuous c a s t i n g  slags 

These s l a g s  have t h e  approximate composition ( C a O  = Si02 = 35%; A1203'= 7%; 
Na20 (4-15%) and CaF2 (54%) .  
e f f i c i e n t s  l i e  i n  t h e  r a n g e  (0 .5  - 5 cm-l) and thus  kR could be a p p r e c i a b l e  i n  
t h e s e  s l a g s .  Values fo r  aeff were obta ined  f o r  t e n  g lassy-s la  s by Taylor and 
~ i l l ~ ( 3 0 )  (lase.- w l s e  method) which l a y  between 4 and 5 x 10-5 d s - 1  (F igure  8 ) ;  
t h e s e  s l a g s  were o p t i c a l l y  t h i n  (dd = 0.4) and thus  we might expec t  kR t o  be small 
and k e f f z  kc. Some c r y s t a l l i s a t i o n  o f  t h e  samples occurred a t  t empera tures  above 
t h e  g l a s s  temperature i n  t h e s e  experiments,  and t h i s  r e s u l t e d  i n  a n  i n i t i a l  decrease  
i n  aeff. 
Taylor and M i l l s  r e p o r t e d  t h a t  a,ff of a c r y s t a l l i s e d  specimen had a va lue  of 
6 x m2s-1, which is higher  than  that  of t h e  g l a s s y  specimens; t h e  c r y s t a l l i n e  
samples would have a h i g h e r  e x t i n c t i o n  c o e f f i c i e n t  and t h u s  kR would be low and hence 
aeff = a,. Thermal c o n d u c t i v i t y  va lues  f o r  t h e  l i q u i d  phase have been obta ined  by 
Nagata e t  a l ( 3 1 )  and by Powell e t  a l ( j 2 )  ( l i n e  source  method), and by Taylor and 
E d w a r d s m ( 1 a s e r  p u l s e  method- b y  Ohmiya 
f l u x  da ta ) .  As can be s e e n  from Figure 0, t h e  r e s u l t s  from t h e  l i n e  source  tech- 
n ique  a r e  lower than  t h e  o t h e r  d a t a ,  and t h i s  probably r e f l e c t s  t h e  f a c t  t h a t  kR 
is n e g l i g i b l e  in t h e  l i ne  source  experiements.  The increase  i n  keff observed by 
Taylor and Edwards(17) above t h e  s o l i d u s  temperature is probably due t o  t h e  decrease  
i n  & ( a n d  i n c r e a s e  i n  kR) ,  a s  l i q u i d  is formed from c r y s t a l l i s e d  s l a g .  

Olusanya( 29) has  r e p o r t e d  t h a t  t h e  absorp t ion  co- 

which was subsequent ly  followed by an increase  i n  t h e  thermal d i f f u s i v i t y .  

;33) i n t e r 2 r e t a t i o n  o f  thermal 

4.9 Blas t  furnce s l a g s  

Values of keff have been r e p o r t e d  by I ~ c h e n k o ( ~ ~ )  and by Vargaftik and O l e ~ c h u k ( ~ ~ )  
for temperatures i n  t h e  range  (200-1000 O C ) .  The v a l u e s  c i t e d  are lower than  those  
r e p o r t e d  f o r  o t h e r  s l a g s ,  which is presumably due to t h e  high p o r o s i t y  of t h e  
samples used by t h e s e  workers.  

4.10 Rocks and Minerals 

Absorption and e x t i n c t i o n  c o e f f i c i e n t s  for  s e v e r a l  rocks  and m i n e r a l ~ ( ~ ~  5 3 6 )  were 
found t o  i n c r e a s e  a p p r e c i a b l y  a t  high tempera tures ,  e g  d . ~  ( p e r i d o t )  i n c r e a s e s  
from 0 . 5  cm-1 a t  25 O C  t o  4.3 c m - I  a t  1240°C. Values of  keff (or aef f )  have been 
recorded by Kingery(12) 
Murase and M ~ B i r n e y ( ~ ~ ) '  ( r a d i a l  h e a t  f l o w ) ,  and Schatz and Simmons(6) (modulated 
beam method). 
p o r t e d  t h a t  for f o r s t e r i t e  and o l i v i n e  a t  1300 O C ,  approximately h a l f  of t h e  
measured kerf va lue  was due t o  t h e  c o n t r i b u t i o n  o f  kR. 
between t h e  r e s u l t s  r e p o r t e d  by Kingery( l2)  and by Schatz  and Simmons(6ffor keff 
Of f o r s t e r i t e .  
a b l y  lower than t h o s e  r e p o r t e d  by o t h e r  i n v e s t i g a t o r s ,  which may i n d i c a t e  sys temat ic  
e r r o r s  i n  t h e  method, or may merely be due t o  t h e  h igher  Si02 c o n t e n t  of t h e  samples 
s t u d i e d  by Murase and McBirney. 
f o r  some samples probably i n d i c a t e s  t h e  o n s e t  o f  melting,which causes  t h e  e x t i n c t i o n  
c o e f f i c i e n t  t o  decrease  and hence kR t o  i n c r e a s e  apprec iab ly .  I t  is n o t i c e a b l e  t h a t  
K a ~ a d a ( ' ~ )  recorded no marked i n c r e a s e  i n  kFff f o r  d u n i t e  (DU), which has  an  FeO 
c o n t e n t  of 13% and where kR would be n e g l i g i b l e .  

by K a ~ a d a ( ~ ~ )  (comparative l i n e a r  flow method), by 

The r e s u l t s  a r e  g iven  i n  F igure  9 ,  and Schatz and ~ i m m o n s ( 6 )  re- 

There i s  good a reement 

The v a l u e s  of keff r e p o r t e d  by Murase and M ~ B i r n e y ( ~ ~ )  a r e  appreci-  

The s h a r p  i n c r e a s e  i n  k recorded above 1100 O C  

4.11 Coal s l a g s  

The experimental  d e t a i l s  of v a r i o u s  i n v e s t i g a t i o n s  concerned with t h e s e  s l a g s  a r e  
summarised i n  Table 1. 
and lower a-(T) curves  r e p o r t e d  by Gibby and Bates have been p l o t t e d .  

The absorp t ion  c o e f f i c i e n t s  of  t h e s e  slags a r e  probably q u i t e  h igh ,  a s  they  conta in  
a p p r e c i a b l e  l e v e l s  o f  FeO and free Fe. 

I72 

The r e s u l t s  a r e  presented  i n  F igure  10; o n l y  t h e  upper 

Thus t h e  r a d i a t i o n  c o n t r i b u t i o n ,  kR, w i l l  



be r e l a t i v e l y  small. There is good agreement between t h e  r e s u l t s  of t h e  i n v e s t i -  
g a t i o n s  when t h e  apprec i ab le  d i f f e r e n c e s  i n  t h e  composition o f  t h e  s l a g s  is taken 
i n t o  account .  
v a r i e d  apprec i ab ly  from r u n  t o  run  and appeared t o  be dependent upon t h e  thermal 
h i s t o r y  of t h e  sample. 
sample and t h e  f a c t  t h a t  aeff ( c r y s t a l l i n e )  ) a ( g l a s s ) ,  which is i n  agreement wi th  
t h e  obse rva t ions  on cont inuous-cast ing s l a g s .  
t h a t  K20 a d d i t i o n s  r e s u l t e d  i n  a decrease i n  aeff  up t o  900 O C ,  and t h a t  t h e  
aeff-(T)  r e l a t i o n s h i p  showed a sha rp  i n f l e c t i o n  around 950 OC, which was a t t r i b u t e d  
t o  t h e  c r y s t a l l i s a t i o n  of the  s l a g s .  

These workers a l s o  r e p o r t e d  t h a t  aeff appeared t o  decrease with i n c r e a s i n g  Si02 
c o n t e n t  or with t h e  r a t i o  (SiO2/(SiO2 + Fez03 + MgO + CaO)). This  imp l i e s  t h a t  
kc is  probably dependent upon t h e  s t r u c t u r e  of t h e  s i l i c a t e  s l a g ,  and t h u s  it should 
be p o s s i b l e  t o  b u i l d  up a r e l i a b l e  model f o r  t h e  e s t ima t ion  of kc i n  due course .  
However, it is a l s o  p o s s i b l e  t h a t  t h e  decrease i n  aeff  with i n c r e a s i n g  S i 0 2  con ten t  
may s imply r e f l e c t  t h e  lower f r a c t i o n  of c r y s t a l l i n e  phase p r e s e n t  i n  t h e  s l a g .  

Gibby and Ba tes (15 )  r epor t ed  t h a t  f o r  s o l i d  s l a g s  t h e  va lue  of ae f f  

This  behaviour was a t t r i b u t e d  t o  t h e  c r y s t a l l i n i t y  of t h e  

Gibby and Ba tes (15 )  a l s o  observed 

5. DISCUSSION 

The thermal  conduc t iv i ty  d a t a  f o r  s l a g s ,  magmas and g l a s s e s  have been c o l l a t e d  i n  
Figure 11. 
those  f o r  s l a g s  from t h e  systems CaO + A1203 + Si02  and CaO + Si02  + FeO and f o r  
t hose  used i n  cont inuous c a s t i n g .  Thus it would appear  t h a t  t h e  chemical com- 
p o s i t i o n  o f  t h e  s l a g  has  l i t t l e  e f f e c t  on t h e  va lues  o f  kef f ;  however, c e r t a i n  
ox ides  ( e g  SiO2, CaO) cou ld  e x e r t  some in f luence  on t h e  c o n d u c t i v i t y  by a l t e r i n g  
t h e  c r y s t a l l i n i t y  o f  t h e  s l a g .  Furthermore, t h e  r a d i a t i o n  conduct ion w i l l  a l s o  b e  
a f f ec t ed  by t h e c r y s t a l l i n i t y  of t h e  sample a s  t h e  e x t i n c t i o n  c o e f f i c i e n t  w i l l  be 
high f o r  c r y s t a l l i n e  m a t e r i a l s .  

I t  is more d i f f i c u l t  t o  e v a l u a t e  t h e  thermal conduc t iv i ty  of molten s l a g s ,  a l though 
t h e  d a t a  obtained f o r  c o a l  s l a g s ( 1 5 )  and f o r  s l a g s  of t h e  system CaO + FeO + Si02  
(7)(14) i n d i c a t e  t h a t  keff f o r  t h e  l i q u i d  near  t h e  melt ing-point  i s  similar t o  t h a t  
f o r  t h e  s o l i d  phase . I t  is n o t i c e a b l e  t h a t  t h e  keff va lues  ob ta ined  f o r  l i q u i d  
s l a g s  by t h e l i n e  sou rce  method a r e  cons ide rab ly  lower than t h e  va lues  ob ta ined  wi th  
o t h e r  techniques.  It is p o s s i b l e  t h a t  t h e  l i n e  sou rce  method is  prone t o  system- 
a t i c  e r r o r s  when app l i ed  t o  molten s l a g s ,  b u t  a more l i k e l y  exp lana t ion  is t h a t  t h e  
kR i s  n e g l i g i b l e  i n  t h e s e  experiments .  
of (FeO + FepOg), it would be expected t h a t  t h e  abso rp t ion  c o e f f i c i e n t  of t h e  s l a g  
would be high an2 t h a t  t h e  kR c o n t r i b u t i o n  would be s m a l l .  
d r ama t i ca l ly  with temperature  and even a s l a g  wi th  a r e l a t i v e l y  h igh  abso rp t ion  co- 
e f f i c i e n t  of 100 cm-1  would g i v e  rise t o  a c o n t r i b u t i o n  o f  kR of 0 .4  Wm-lK-l a t  
1800 K .  

However a s  t h e  abso rp t ion  c o e f f i c i e n t  is very dependent upon t h e  (Fez+) c o n c e n t r a t i o n  
t h e  value of kR w i l l  be dependent upon t h e  va r ious  f a c t o r s  a f f e c t i n g  t h e  (Fe2+/Fe3+) 
r a t i o  i n  t h e  s l a g  v i z . t h e  r a t i o  i n c r e a s e s  with ( i )  inc reas ing  temperature  ( i i)  de- 
c r e a s i n g  p (02) 
K20 con ten t s  i n  t h e  s l a g .  This  review h a s  r evea led  t h e  u rgen t  need f o r  abso rp t ion  
c o e f f i c i e n t  da ta  f o r  c o a l  s l a g s  a t  high temperatures  and f o r  information r e l a t i n g  
t h e  abso rp t ion  c o e f f i c i e n t  t o  t h e  FeO con ten t  o f  t h e  s l a g .  

The h e a t  t r a n s f e r  p rocess  i n  t h e  c o a l  g a s i f i e r  can a l s o  be a f f e c t e d  by t h e  l a y e r  of 
s l a g  which l i n e s  t h e  w a l l s  of t h e  g a s i f i e r .  Recent ly ,  Grieveson and Bagha (38)  have 
developed a s imple experiment f o r  measuring t h e  thermal  f l u x  (Q) i n  v a r i o u s  s l a g s  used 
i n  t h e  continuous c a s t i n g  of s t e e l .  A water-cooled, copper f i n g e r  is lowered i n t o  a 
c r u c i b l e  con ta in ing  molten i r o n  covered wi th  a l a y e r  of s l a g  and a l a y e r  of s o l i d f i e d  
s l a g  forms around t h e  co ld  f i n g e r .  

I t  can  be seen  t h a t  keff va lues  f o r  s o l i d  c o a l  s l a g s  a r e  similar t o  

As c o a l  s l a g s  con ta in  r e l a t i v e l y  h igh  l e v e l s  

However kR i n c r e a s e s  

? 

(iii) i n c r e a s i n g  S i02  and Ti02 c o n t e n t s  and dec reas ing  C a O ,  Na20 and 

The thermal  f l u x  is determined by measuring t h e  
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temperature  r i s e  of t h e  coo l ing  water flowing through t h e  copper f i n g e r .  It was 
found t h a t  t h e  hea t  f l u x  was r e l a t e d  t o  ( i )  t h e  t h i c k n e s s  o f  t h e  s l a g  l a y e r  and 
(ii) the  thermal  r e s i s t a n c e  of the  Cu/slag i n t e r f a c e .  The th i ckness  of t h e  s l a g  
l a y e r  is ,  i n  t u r n ,  dependent upon t h e  v i s c o s i t y  of t h e  s l a g  and upon o t h e r  f a c t o r s  
determining t h e  "melt back" of t h e  s l a g  l a y e r .  
t h a t  t h e  thermal  r e s i s t a n c e  of t h e  Cu/slag i n t e r f a c e  appeared t o  be r e l a t e d  t o  ( i)  
t h e  mine ra log ica l  c o n s t i t u t i o n  of t h e  s l a g  and (ii) 
between t h e  copper  and t h e  slag eg.  Q ( g l a s s  from CaO.SiOp f i e l d  g i v i n g  good Cu/slag 
adhes ion )>  Q ( g l a s s  from Ca0.A1203.2Si02 phase f i e l d  with poor Cu / s l ag  adhes ion ) .  
Thus r e l a t i v e l y  s imple  experiments l i k e  t h e s e  s imula t ion  t e s t s  can p rov ide  us  with a 
va luab le  i n s i g h t  i n t o  t h e  f a c t o r s  a f f e c t i n g  h e a t  t ransfermechanisms o c c u r r i n g  i n  
i n d u s t r i a l  p rocesses .  

Grieveson and Bagha (38) observed 

t h e  s t r e n g t h  of t h e  adhesion 

CONCLUSIONS 

Experimental d a t a  f o r  t h e  thermal  c o n d u c t i v i t i e s  o f  s l a g s  must be c a r e f u l l y  
analysed t o  e s t a b l i s h  t h e  boundary cond i t ions  of t h e  experiment  (eg .  o p t i c a l  
t h i c k n e s s  of t h e  specimen, magnitude of kR etC.)  
d a t a  a l lows  one  t o  determine t h e  s u i t a b i l i t y  of a s p e c i f i c  t he rma l  conduct- 
i v i t y  value for subsequent  use i n  h e a t  balance c a l c u l a t i o n s  f o r  t h e  g a s i f i e r .  

The  thermal  c o n d u c t i v i t i e s  of c o a l  s l a g s  a r e  n o t  very dependent upon t h e  
chemical composi t ion of t h e  s l a g .  

T h e  thermal  c o n d u c t i v i t y  o f  a s l a g  is dependent upon t h e  degree of c r y s t a l l -  
i z a t i o n  and consequent ly  upon t h e  thermal  h i s t o r y  of t h e  specimen; t h e  
thermal  c o n d u c t i v i t y  of t h e  c r y s t a l l i n e  phase is g r e a t e r  t han  t h a t  of the  
g l a s s y  phase. 

The r a d i a t i o n  conduct ion,  kR, is p r i n c i p a l l y  determined by t h e  magnitude of 
t h e  a b s o r p t i o n  (or  e x t i n c t i o n )  c o e f f i c i e n t .  A s  t h e  a b s o r p t i o n  c o e f f i c i e n t  
of t h e  s l a g  is l a r g e l y  dependent upon t h e  (Fez+)  c o n c e n t r a t i o n  i n  t h e  s l a g ,  
it w i l l  a l s o  b e  dependent upon t h e  f a c t o r s  a f f e c t i n g  t h e  (Fe2+/Fe3+) r a t i o  
v i z , t empera tu re ,  ~ ( 0 2 )  and t h e  SiOz, CaO and Nap0 c o n t e n t s  of t h e  s l a g .  

Experimental d a t a  a r e  r equ i r ed  f o r  t h e  abso rp t ion  c o e f f i c i e n t s  of c o a l  s lags  
a t  h igh  t empera tu res  so t h a t  t h e  r e l a t i o n s h i p  between amand  t h e  FeO content  
can be e s t a b l i s h e d .  

Heat t r a n s f e r  i n  t h e  c o a l  g a s i f i e r  w i l l  be p a r t i a l l y  dependent upon t h e  
thermal  r e s i s t a n c e  of t h e  s l a g / w a l l  i n t e r f a c e  and t h i s ,  i n  t u r n ,  w i l l  be 
dependent upon t h e  mine ra log ica l  c o n s t i t u t i o n  of t h e  slag a d j a c e n t  t o  the  
wall. 

T h i s  e v a l u a t i o n  of t h e  
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Figure 1. The dependence of keff w o n  the thickness of the sample. 

Fieure 2. 
+ 9.% (FeO + Fe20g) 

The wavelength of dependence of a glass containinga % Si0 *if,% Na 0 2) 2 

h l p m  

Figure 3.  Wavelength distribution of the source energy emission for a black body. 
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Figure 4. 
+ CaO + Si0 

The absorption spectra at room temperature for slags containing FeO 
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